Species inhabiting urban environments experience enormous anthropogenic stress.
Rapid urbanization across the world has led to emergence of a wide range of urban-adapted species that have the ability to survive in human-dominated urban ecosystems. Urbanadaptation entails modifications in the behavioural repertoire of species. Behavioural plasticity and/or change in temperament in response to urbanization can improve an organism's chances of survival and reproduction in an altered, often hostile, environment 1 .
Altered foraging behaviour of hedgehogs to avoid crowded areas in daylight 2 , the higher pitch in the calls of great tits in a noisy environment 3, 4 , bolder and more exploratory behaviour of urban coyotes 5 etc. are some examples of behavioural alterations of urbanadapted species.
Urbanised populations display 'bold' behavioural responses as compared to their 'shy' rural counterparts 6, 7 . Some recent studies exploring the genetic basis for behavioural flexibility in urbanised species have suggested micro-evolutionary mechanisms to be responsible for such adaptation [8] [9] [10] . For some species, an additional dimension of complexity prevails in their behavioural traits, enabling them to adapt to and interact with humans directly or indirectly 11 .
Urban free-ranging dogs (Canis lupus familiaris) are an example of urban-adapted species that have co-evolved with humans. These dogs not only depend on humans for food 12 , and shelter 13 , but receive a range of negative interactions including beating, threatening, harassment, and poisoning as well 14 . Surprisingly, human induced stress or impact on the eco-ethology of dogs in the urban environment has never been assessed adequately except for a handful of studies that explored the attributes of dog-human relationship on the streets 14 .
Sociability is one of many personality traits in animals that is often considered within the continuum of a shyness -boldness axis, and is also observed from the perspective of social fearfulness and aggression [15] [16] [17] [18] [19] . Studies have explored the change in temperament and behavioural differences induced by stress in pet and shelter dogs [20] [21] [22] . However, there is a lacuna in our understanding of the negative effects of human interactions on the sociability of dogs in a natural habitat, devoid of caring humans. In this study, we aimed to investigate the sociability of Indian free-ranging dogs to identify potential drivers for changes in temperament or behavioural flexibility.
We used human flux as a surrogate of human-induced stress on the urban free-ranging dogs.
We categorized all sampled areas into three human flux zones (high, intermediate, and low) and tested dogs for sociability. We hypothesized that sociability would be the least in high human flux zones and the highest in low flux zones. Additionally, we expected that resource abundance of an area would predict the density of dogs, but not the sociability trait. In a broader sense, we assume that any change in dogs' temperament and subsequent behavioural plasticity would be a translation of human-induced stress and a crucial requirement for them to survive in a human-dominated environment. Apart from calculating the PI, we also documented the reasons cited by people for their perception of free-ranging dogs, which have been provided in Supplementary Table 2 .
Results

Characterization of zones:
Effect of sex on AI: GLM analysis revealed no effect of sex of the dogs on their corresponding AI values (Supplementary Table 3) .
Effect of zones, RI, cumulative PI on cumulative AI: GLMM analysis (using Poisson distribution) with human flux zones, RI, cumulative PI as predictors and sampling sites as random factors showed a partial effect on AI (Supplementary Table 4 ). Only zones were significant predictors and RI and cumulative PI had no effect on AI.
Discussion
Our results suggest a strong effect of human flux zones on the sociability trait of urban freeranging dogs. Dogs in the HF zones were found to be highly opportunistic as they mostly approached the experimenter only when provided with food, while being reluctant to approach as a response to positive vocalization. This clearly advocates the idea that dogs present in busy and crowded urban areas maintain a certain distance from unfamiliar humans, probably to avoid or minimize any unprecedented conflict. A high latency to approach the stranger, further strengthens this conclusion. Since free-ranging dogs often receive negative interactions from humans, such opportunistic behaviour of the dogs in HF zones was not unexpected. However, the largely shy response of the dogs in the LF zones was surprising; since these dogs largely do not encounter unfamiliar humans, we expected them to be less confronted with an unfamiliar human, substantiating the role of less socialization and stressful living conditions in shelters 21 . Our study measured similar behavioural differences and change in temperament in dogs using human flux as a proxy for human-induced stress.
As hypothesized, we found a moderately strong correlation between available resources and dog abundance in the HF zones, but resource availability could not predict dogs' sociability.
Also, we did not obtain a significant prediction from the human perception index. In HF zones, dogs probably undergo enormous pressure of human-induced stress (negative socialization) and higher competition for food and territory, which shape their overall behavioural repertoire and make them well versed in utilizing opportunistic situations, while avoiding direct interactions with humans as far as possible. IF zone dogs most likely receive higher positive human socialization and less competition for food and habitat, as also suggested by the responses in our surveys, eventually translating into affiliative behavioural states. On the other hand, least human socialization in the LF zone dogs might play a bigger role in developing them into 'shy' and hesitant individuals when it comes to facing a novel situation. The fact that these responses were independent of the sex of the dogs suggest a uniform effect of the habitat, emphasizing the roles of socialization and ontogeny. These results imply the sole effect of human flux on the behavioural plasticity in the sociability trait and discard other properties like dog density, available resources and perception of humans.
In conclusion, free-ranging dogs showed varied behavioural traits and personality types at the urban microhabitat levels in response to unknown humans. Versatility of this range in the sociability trait of free-ranging dogs could have been a key factor in their successful colonisation and sustenance in a largely human-dominated habitat and making dogs an 'urban adapted' species. This is also arguably one of the first evidences that animals belonging to the same urban habitat can respond differently, based on different life experiences.
Methods
(i) Study area and categorization of zones -
In order to characterize the areas with respect to human activity levels, we carried out sampling in some microhabitats like residential areas, busy markets, bus stations, and railway stations in two cities -one small and another very large (Shillong, Meghalaya -25°57'88"N, 91°89'33"E and Kolkata, West Bengal -22°57'26"N, 88°36'39"E, India). We randomly chose a spot in the city and stood at the same spot for 1 minute. During this time, we counted the number of people and vehicles that passed the spot (without identifying them). We did such counting multiple times at multiple microhabitats. We gave equal weightage to an individual and a vehicle, as each was counted as a single event of movement. Also, this Table 5 ).
(ii) Experimental procedure (a) Sociability test -We quantified the sociability of dogs towards an unfamiliar human experimenter in an obligatory positive vocalisation phase (PV phase), followed by an optional stimulus phase (S phase) in all three zones. S phase was carried out only after an inefficacious PV phase. Language-independent vocal sounds (e.g. "tch tch"). We used a glucose biscuit as a stimulus paired with positive vocalisation in the succeeding S phase, which thus offered a reward to the dog. Protein-rich food such as raw chicken was not used in order to ensure that the effect of the stimulus was not over-amplified.
We tested 200 adult free-ranging dogs from each of the three zones, where the experimenter (E) was constant throughout the experiment and was assisted by a cameraperson. E was male, 165 -166 cm in height with a slim body structure. The experimental procedure was as Human perception of free-ranging dogs -We constructed a small questionnaire to understand human perception of the free-ranging dogs in the areas where we carried out the census and experiments. We randomly approached 20 people (only adults) from each of the 60 sampling sites and recorded their views while trying not to disclose the purpose of the study to avoid any bias. We asked three generic questions during the survey (Supplementary Table 6 ).
(iii) Data analysis and statistics
We coded the videos and defined the following parameters -approach, no approach, and latency, listed in Supplementary Generalised linear models (GLM) were performed using "lme4" package of R Studio. Akaike information criterion (AIC) values were compared in order to obtain the best-fitting models and the ones with the lowest values were selected. A second coder, naïve to the purpose of the study, coded 20% of the data to check for reliability. It was perfect for approach (cohen's kappa = 1.00) and almost perfect for latency (cohen's kappa = 0.97). The alpha level was 0.05 throughout the analysis. Post-hoc pairwise comparisons were carried out with Bonferroni correction whenever required and the adjusted p value was considered as 0.016.
Besides R Studio, statistical analyses were also performed using StatistiXL (version 1.11.0.0).
We constructed an index, defined as the affiliation index (AI), based on three componentsphase-based approach, latency, and demeanour. All the three components were sub-divided into different categories or ranges and scored accordingly (Supplementary Table 8 ). Scores were assigned to each response on the basis of free-ranging dogs' tendency to socialise with an unfamiliar human. A final cumulative AI value was calculated on a scale of 3 to 12, with the higher values signifying a higher tendency to socialize with the unfamiliar human experimenter.
Apart from the 'Affiliation Index' (AI), we built two additional indices namely 'Resource Index' (RI) and 'Perception Index' (PI). Similar to AI, PI was also built from the perspective of dogs and hence biased towards affiliative / friendly human beings.
Resource Index (RI) -We quantified all the regular and irregular food sources and scored them accordingly keeping in mind the impact each source can have on dogs' nutrition. It is important to note that all the food resources were human generated and we assigned the scores from the perspective of dogs. We have summarised RI in Supplementary Table 9 .
RI was constructed in such a way that it could provide the best estimation of potential Perception Index (PI) -PI was constructed from the perspective of free-ranging dogs and was a surrogate measure of obtaining human perception in the specific sampling sites. We have summarized the components and assigned scores to construct PI in Supplementary Table 10 .
Higher scores determined positive impacts from humans. According to PI, a person who was friendly, affectionate and provisioned food to dogs got a score of 8 and subsequently the lowest score of 3 determined negative influences on dogs. 
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